We assess the impact of the Sarbanes-Oxley Act of 2002 on corporate investment in an investment Euler equation framework, where a dummy for the passage of the Act is allowed to affect the rate at which managers discount future investment payoffs. Using generalized method of moments estimators, we find that the rate U.S. firm managers apply to discount investment projects rises significantly after 2002, while the discount rate for U.K. firms remains unchanged. The effects of the legislation on corporate investment are asymmetric, and are much more significant among relatively small firms. We also find that well-governed firms, firms with a credit rating, and accelerated filers of Section 404 of the Act have become more cautious about investment.
Introduction
The Sarbanes-Oxley Act of 2002 (SOX hereafter) was enacted in an attempt to strengthen corporate governance of publicly listed firms and to restore investor confidence in U.S. capital markets. This legislation has triggered a fierce debate on its net effects on capital markets and the real economy. Critics question whether SOX, a consequence of the public's need for action in response to corporate scandals, strikes the right balance between costs and benefits. In particular, they are concerned about high compliance costs and the unintended consequences of one-size-fits-all SOX regulations. Research examining the economic effects of SOX finds mixed evidence.
1 Most prior research focuses on examination of stock and bond market reactions to SOX-related events and changes in U.S. firms' accounting practices after the passage of this legislation, even though it is generally believed that the economic effects of the Act are more involved. The effects of SOX on the real economy have been little noted.
In this paper, we use an investment Euler equation framework to examine whether SOX has had a significant effect on U.S. firms' investment behavior. Our motivations for this inquiry are two-fold. First, understanding how regulations affect corporate investment is important and has widespread interest. For example, financial economists are interested in how regulations that aim to improve corporate governance really affect managerial decisions and real activities; accountants are concerned about the effects of new rules on information disclosure and financial reporting; and macroeconomists and policy makers are interested in the overall effects of legislation and other regulatory reforms on economic growth. We contribute to this line of research by explicitly examining the effects of SOX on U.S. firms' 1 Chhaochharia and Grinstein (2007) find that announcements of SOX regulations have significantly positive effects on firm value, and these effects are more significant for less compliant firms (also see Li, Pincus, and Rego, 2008) . Zhang (2007) , however, finds significantly negative market reactions to SOX-related events. Empirical studies that provide additional evidence in favor of SOX include Linck, Netter, and Yang 
investment.
Second, extant studies rely largely on an event-study approach and reduced-form regressions. However, judging the net effects of SOX from market reactions to SOX-related events could be problematic as a stream of events led to the passage of SOX, and it is inherently difficult to specify precise event dates or to effectively control for contemporaneous factors. Drawing clean inferences from reduced-form regressions is difficult too, since these studies are unavoidably plagued by endogeneity. Estimation of a structural model of corporate investment is one way to avoid these pitfalls. In addition, in our structural setting, the effects of SOX on investment are readily captured by a change in the rate firm managers use to discount future investment payoffs, making it possible to measure the effects of SOX in an intuitive way.
We begin by constructing a standard intertemporal investment model that characterizes the investment allocation of a utility-maximizing firm manager. The manager maximizes utility by choosing how much income to consume and how much income to invest in each period. Dividend consumption is constrained by the firm's profit function and the manager's investment decision. The manager chooses the optimal level of investment so as to be indifferent between investing today and investing tomorrow. The model produces results in terms of intertemporal investment substitution where the stochastic discount factor is related to the manager's risk preference -a lower discount factor (a higher discount rate) corresponds to a more cautious attitude toward corporate investment. The model allows managers' discount rate to vary across pre-and post-SOX periods. We conjecture and find that the rate managers use to guide their investment decisions rises significantly after SOX; further, the effects of SOX vary considerably by both firm size and the quality of corporate governance practices.
The intuition for using an investment Euler equation to assess how SOX affects corporate investment is easiest to see in a simple two-period example. When a firm manager considers investing today versus tomorrow, he has to consider the costs and benefits of this decision.
Investing today entails a cost today; if investing tomorrow, he postpones the cost until later and thereby reduces this cost in terms of its present value. However, he also forgoes the marginal product of capital for one period. An investment Euler equation is simply a first-order condition that equates the marginal cost of investing today and the expected discounted cost of investing tomorrow. In this setting, the discount rate characterizes the manager's degree of willingness to invest. If the manager becomes more cautious or less willing to embark on new and risky projects, this caution will be reflected as an increase in the discount rate. Therefore, all else equal, an increase in the discount rate after the passage of SOX would reflect greater managerial caution in the new regulatory environment.
Our model formalizes this intuition. The Euler equation governs the manager's decision on how much to invest. The Markovian nature of our model reduces the manager's infinitehorizon dynamic problem to an optimality condition concerning investment this period versus next period. The dynamic effects of SOX on investment are then captured by changes in the stochastic discount factor in the post-SOX period. It is thus possible to identify its effects from the time-series and cross-sectional variation in corporate investment. Further, after controlling for a measure of investment opportunity (i.e., capital productivity), we can identify whether variations in investment in one period versus another period are caused by changes in the stochastic discount rate or changes in productivity, which alleviates the endogeneity concerns that arise in a reduced-form regression framework.
We estimate our investment Euler equation using a generalized method of moments (GMM) estimator. A key advantage of this approach is that it avoids sample selection, simultaneity, and measurement error biases via structural estimation with a large data set. To further separate the effects of SOX from the effects of other contemporaneous factors, we also examine a set of U.K. firms not affected by SOX, which provides an extra source of variation.
We parameterize the stochastic discount factor as a linear function of firm-specific characteristics: stock beta, firm size, book-to-market equity, and the past year's stock performance, all known to relate to the discount rate. We include in the parameterization a dummy variable equal to one in the post-SOX period and zero otherwise. The estimated coefficient on the dummy variable then characterizes the effects of SOX on corporate investment. We expect the estimated coefficient to be negative if firm managers become more cautious and start to care more about avoiding lawsuits and protecting reputation than about growing the firm and improving profitability in the post-SOX period. This tendency would be induced by reduced managerial discretion, greater regulatory and public scrutiny, higher compliance costs, a higher likelihood of litigation-based penalties, and greater constraints imposed by boards of directors.
The estimates of our model yield several principal findings. First, we find that the inferred discount rate of U.S. firms increased significantly after the passage of SOX, while the discount rate of U.K. firms remained virtually unchanged. Therefore, U.S. Second, when we look only at U.S. firms, we find stronger effects of SOX on corporate investment among smaller firms, and firms with higher systematic risk. The firm size effect is not a surprise. Engel, Hayes, and Wang ( 2007) and Chhaochharia and Grinstein (2007) have both demonstrated in different contexts that SOX has a more significant impact on small firms. And Gao, Wu, and Zimmerman (2009) find that relatively smaller firms (those with a market capitalization of less than $150 million) undertook less investment, paid more dividends, and repurchased more shares after SOX.
Third, in further support of the heterogeneous effects of SOX on corporate investment, we divide our U.S. sample into various subsamples according to firms' corporate governance performance, whether they have a credit rating, and whether their compliance with SOX was deferred. We find more pronounced effects for firms with better corporate governance and for firms with a credit rating. We also find stronger SOX effects for firms that were immediately subject to the regulations (firms classified as accelerated filers of Section 404) than for nonaccelerated filers that were able to postpone their compliance. These results, obtained using a completely different analytical framework than prior work, lend some support to extant findings. For example, Li (2006) documents that better-governed cross-listed foreign firms are more sensitive to SOX and suffer more value loss upon its passage.
While our empirical approach has several advantages, it has a notable caveat. Estimation of our structural model indicates that larger firms tend to use a higher discount rate than smaller firms. This result is inconsistent with the finding in empirical asset pricing literature that smaller firms in general have higher expected stock returns. One potential explanation for this difference is that the discount rate in our setting is inferred from corporate investment, and hence it may exhibit a size effect that is different from that of stock returns. Nevertheless, how investment-based returns are related to stock returns is an important and wide-open area for future research.
Overall, we contribute to the debate over the net effects of SOX by showing that the Sarbanes-Oxley Act has profoundly affected managerial investment decisions. While our structural estimation provides evidence that U.S. firms have become more cautious about investment in the post-SOX period, we do not address the broader question whether this caution is socially beneficial. We also contribute to the investment Euler equation literature (see, e.g., Whited, 1992; Love, 2003; Chirinko and Schaller, 2004; and Whited and Wu, 2006) and to the investment-based asset pricing literature, which explains the cross-section of expected stock returns or costs of equity from the perspective of value-maximizing firms (see, e.g., Cochrane, 1991; Berk, Green, and Naik, 1999; Zhang, 2005; and Liu, Whited, and Zhang, 2007) . Liu, Whited, and Zhang (2007) use investment Euler equations to derive cross-sectional expected stock returns, which are essentially levered investment returns tied to firm characteristics. Our use of investment Euler equations focuses instead on the effects of legislation on corporate investment via the discount rates perceived by firm managers, that is, the effects of government regulation on real activities via changing managerial incentives.
The remainder of the paper proceeds as follows. In Section 2, we derive an investment Euler equation from a dynamic model of corporate investment for a utility-maximizing firm manager. This section details our estimation method, and states the hypotheses to be tested in terms of the model's parameters. Section 3 describes the data and the construction of the sample. Section 4 presents the empirical results, and Section 5 concludes.
Model and Empirical Framework
To motivate our empirical work and provide guidance for the choice of control variables in the estimation, we offer a simple partial-equilibrium model in which a firm manager maximizes expected utility by choosing investment and consumption. We derive our investment Euler equation from this simple model. 2 We then outline the framework for our empirical analysis.
A Simple Model
Consider an infinitely lived firm i that uses capital to produce goods in each period t. The firm manager maximizes the expected present discounted value of its utility over an infinite horizon given by
where E i0 is the expectations operator conditional on firm i manager's time zero information set; β is the one-period discount factor common to all firms; u(.) is the manager's utility function (if the manager is risk-averse, the utility function is concave); and d it is the dividend paid by firm i in period t.
The manager maximizes Equation (1) subject to two conditions. The first defines dividends, 
where δ i is the firm-specific constant rate of economic depreciation.
The choice variables in this model are I it and d it , and the state variable is K it . Solving the model yields the Euler condition for K it :
where ∂C ∂I is the marginal adjustment cost of investment; the term β
is the marginal rate of substitution of dividends, or the pricing kernel from a consumption-based asset pricing model; and
∂Π ∂K
is the marginal profit of capital.
For notational convenience, we define Γ it+1 ≡ β
. We can then immediately rewrite Equation (4) as follows:
The Euler equation in Equation (5) describes the evolution of the firm manager's investment decisions along the optimal path and has an intuitive interpretation. To decide whether to invest in the current period versus in the next period, a manager must consider the costs and benefits of the timing decision. This equation is simply a first-order condition that describes the optimal intertemporal allocation of investment. The left-hand side represents the marginal adjustment cost of investing in this period. The right-hand side represents the expected discounted cost of waiting to invest until next period, which consists of the marginal product of capital and the marginal reduction in adjustment costs from an increment to the capital stock. Even if the firm waits, it still incurs adjustment costs. Deciding investment optimally necessitates that, on the margin, the manager must be indifferent between investing in the current period and transferring those resources to the next period.
The factor Γ it+1 in Equation (5) merits further discussion. By construction, Γ it+1 is the product of the discount factor common to all firms (β) and the ratio of the marginal utility of dividends in the next period to the marginal utility of dividends in the current period. Because our investment Euler equation characterizes the optimal intertemporal allocation of investment, Γ it+1 is essentially the discount factor that the firm manager uses to discount the investment returns in the next period. While Γ it+1 is clearly related to the manager's preferences, it can be interpreted as the stochastic discount factor of the dynamic utility optimization problem that guides the manager's optimal investment choices. We can accordingly define the stochastic discount rate r it as
where r it can be interpreted as the "perceived" hurdle rate the firm manager uses for optimal investment.
If the firm manager is risk-averse and dividend growth is positive, greater managerial risk aversion implies a higher discount rate (a lower discount factor). This intuition can be best illustrated in the following way (also see Cochrane, 2001, pp. 13-14) . Under a CARA 
Estimation
To estimate the model, we replace the expectations operator in Equation (5) with an expectational error, e it+1 , such that E it (e it+1 ) = 0 and
it . The first condition
suggests that e it+1 is uncorrelated with information available at time t, and the second implies that the expectational error can be heteroskedastic. We thus rewrite Equation (5) as
To parameterize the marginal product of capital, we follow Whited (1998) and Whited and Wu (2006) and assume that firms are imperfectly competitive. We thus set the output price as a constant mark-up, µ, over the marginal cost. In this case, constant returns to
where Y it is output; µ is the markup; V C it is variable cost; and K it is capital stock.
We parameterize the adjustment-cost function, C(I it , K it ), as follows (see Whited (1998) for details):
where α m , m = 2, ..., M are coefficients to be estimated and M is a truncation parameter that sets the highest power of
in the expansion. We follow Whited and Wu (2006) and
Substituting Equation (8) into Equation (7), differentiating Equation (9) with respect to I it and K it , and substituting the derivatives into Equation (7), we obtain the following equation:
To estimate Equation (10), we need to specify the stochastic discount factor, Γ it+1 . One possibility would be to use a consumption-based pricing kernel to demonstrate the theoretic linkage between managerial risk preferences and stochastic discount rates. Consumptionbased asset pricing models, however, are known to perform poorly in empirical studies. The same is true in our case; estimating the above investment Euler equation with a consumptionbased pricing kernel yields disappointing empirical results.
3
As Cochrane (2001) argues, all asset pricing models amount to different ways of connecting the stochastic discount factor to data. There are many possible structural or reduced-form parametrizations, expressing the stochastic discount factor as functions of state variables such as consumption growth, aggregate wealth proxies, or data-driven factors.
Opting for a reduced-form specification, we specify Γ it as a function of several firm-level characteristics that have been shown to be related to the discount factor (see, e.g., Fama
and French, 1992; Jegadeesh and Titman, 1993) and a SOX dummy variable, which takes the value of one in the post-SOX period and zero otherwise:
Here, β it is calculated according to the capital asset pricing model (CAPM) using the previous five years of monthly stock returns and market returns. It measures the systematic risk to which a firm is exposed. The variable size it measures firm size and is computed as the logarithm of a firm's year-end market capitalization; btm it is defined as the book-to-market equity of firm i in year t; annret it is the past 12-month cumulative stock return for firm i, which captures stock return momentum; and DSOX t is the SOX dummy variable.
An ad hoc parameterization of the stochastic discount factor provides empirical flexibility.
For example, we include DSOX as one determinant, which translates the potential effects of SOX on investment into changes in the stochastic discount factor in the post-SOX period.
This approach works at least as well as, if not better than, some structural specifications of the stochastic discount factor (see, e.g., Whited, 1992; Love, 2003; and Whited and Wu, 2006) .
Several issues arise in the reduced-form specification of the stochastic discount factor.
First, the parameterization in Equation (11) does not allow for an explicit error term; the specification could be incorrect. We test this assumption using J-test statistics of the overidentifying restrictions, which provide an important check on the model's validity.
Second, the structural model provides no guidance on which variables should be included in the parameterization of the stochastic discount factor. While the specification is flexible enough to account for any relevant variables that may determine the discount factor, we find that the four variables in Equation (11) work well in most cases, as measured by the Jtest statistics. We also experiment with dropping variables with less statistical significance, starting with the four variables in Equation (11), and examine the difference between the two minimized GMM objective functions for the general model and the subsequently less general model. The difference asymptotically follows a χ 2 distribution with degrees of freedom equal to the number of variables dropped from the more general model. If a variable belongs in the parameterization of the stochastic discount factor, its omission should produce a low p-value. We use Whited and Wu's (2006) notation of L-test to describe this test of exclusion restrictions. We find that we can eliminate the variable capturing the previous year's stock return with little effect on model performance.
We estimate Equation (10), with Γ it+1 parameterized as in Equation (11), in first differences in order to eliminate possible fixed firm effects. We apply GMM to the moment
where z it−1 is a vector of instrumental variables known at time t, and ⊗ denotes the Kronecker product. Because this estimator is implemented in first differences, the procedure calls for using variables dated t − 2 as instruments. We thus use as instruments the two-periodlagged variables that include all the variables that appear in our investment Euler equation
and several firm-specific variables.
The intuition behind using changes in the stochastic discount rate to identify the effects of SOX on investment warrants further discussion. First, as this empirical strategy allows us to control for changes in investment opportunities, the effects of SOX on investment can be separated from the effects of other contemporaneous factors. The SOX effects in our setting can also be characterized by changes in the discount rate, which is an appealing feature. Second, because of the Markovian nature of our model, the Euler equation governs the manager's decision to invest now rather than in the next period. Hence, SOX effects, if any, have already been incorporated in the optimal investment at time t and have no direct effect on the decision to invest now versus later. Once the problem is reduced to a marginal condition over two periods, the time-series variation in investment enables us to identify the SOX effects through changes in the discount rate.
Linking Model to Hypotheses
We believe the Sarbanes-Oxley Act is likely to make the managers of U.S. firms more cautious in making investment for several reasons. First, SOX mandates extensive changes to improve the effectiveness of internal controls, auditor independence, and the quality of boards of directors (particularly audit committees). 5 One potential consequence of these changes is a reduction in managerial discretion over corporate decisions. Second, since the passage of SOX, firm managers have become more accountable for decisions; in particular their personal liability is greatly increased. It is also likely that SOX exposes firm managers to increased scrutiny by the public and potential market rivals. Third, the new regulations impose high compliance costs on firms and may divert managerial attention from businessrelated duties toward SOX-compliance activities. A preoccupation with compliance may discourage managers from taking business risks.
In our empirical setting, the coefficient on DSOX characterizes the effects of the Sarbanes-Oxley Act on the stochastic discount factor, and hence the effects of SOX on the implied hurdle rate perceived by managers when making investment decisions. We thus expect l 5 in Equation (11) to be negative. If it is significantly negative, we can conclude that the stochastic discount factor Γ it dropped after SOX; the hurdle rate for managerial investment decisions rose; and managers became more cautious.
While our structural estimation strategy can control for investment opportunities and mitigate endogeneity, we include a U.K. firm sample in the analysis to better isolate the effects of SOX on U.S. firms. To accommodate the addition of U.K. firms, we modify our specifications of the discount factor. Using the dummy variable D U S to indicate the U.S.
firms that are subject to the new regulations, the variable of interest becomes D U S × DSOX -all else equal, we expect SOX to be relevant only for U.S. firms.
To examine how the effects of SOX vary with firm characteristics, we modify the parameterization of Γ it by adding interaction terms to Equation (11) . These terms are interactions between DSOX and the firm characteristic variables.
Data and Descriptive Statistics
This section discusses our data sources and the construction of the samples. It next defines the variables used in the empirical analysis and offers their summary statistics.
Data and Sample Construction
The To facilitate analysis of how the effects of SOX on corporate investment depend on corporate governance, we also create subsamples of well-governed and poorly governed firms.
For this purpose, we use the governance index (G-index) compiled by Gompers, Ishii, and As a robustness check, we also construct these groups using Bebchuk, Cohen, and The third sorting variable we use is an indicator variable for whether a firm is rated by
Standard & Poor's. This information is extracted from the Compustat database (item 280).
We then sort the U.S. firms into two subsamples depending on whether they have S&P credit ratings in the previous year. The first subsample, in which firms' credit ratings are available, consists of between 730 and 830 firms per sample year, and the second subsample consists of between 2,100 and 2,620 firms per sample year.
Variables
We first define DSOX, which is a dummy variable that takes the value of one in 2003, 2004, and 2005, and zero otherwise. 6 Throughout the analysis, estimated parameters on DSOX capture the effects of SOX on corporate investment.
All monetary variables in the empirical analysis are in 1998 constant U.S. dollars. The key variable for the empirical analysis is corporate investment, I it , which is defined as:
where CAP EX it is capital expenditure in year t for firm i (Compustat item 30 for U.S.
firms and item 193 for U.K. firms) and SaleP P E it is sales of property, plant, and equipment (item 107 for U.S. firms and item 181 for U.K. firms). 8 We measure the capital stock by beginning-of-year total assets (item 6 for U.S. firms and item 89 for U.K. firms), Asset it−1 , and use it to deflate other variables, thereby reducing heteroskedasticity in normalized firmlevel variables. We divide I it by Asset it−1 to obtain the investment-to-capital ratio. Annual averages of the investment-to-capital ratio over the sample period are reported in Table 1 . 7 We do not include expenditures on acquisition activities (item 129 for U.S. firms) because acquisitions are lumpy expenditures, and an investment Euler equation in a model with smooth adjustment costs cannot characterize such expenditures on acquisitions (Abel and Eberly, 1994; Whited, 2006) . 8 In unreported analysis, we define another measure of investment, IR it , which is the sum of I it and research and development expenses. This measure yields empirical results that are similar. These results are available from the authors upon request.
We measure firm i's output in year t by its sales, Sale it . Variable cost, V C it , is the sum of the costs of goods sold and selling, general, and administrative expenses. We divide both Sale it and V C it by beginning-of-year total assets. We estimate β by fitting the CAPM on a rolling basis with monthly stock returns over the previous five years. For U.S. firms, we measure the market return (r m ) and the risk-free rate (r f ) by the CRSP value-weighted market index return and by the one-month Treasury bill rate; for U.K. firms, we measure the market return and the risk-free rate by the MSCI U.K. index return and by the 91-day Treasury bill yield. Total stock return volatility (annvol) is the annualized standard deviation of monthly stock returns over the past five years.
9 Note in Panel A of Table 1 that β increases significantly after the passage of SOX for U.S. firms. This pattern is even more marked for U.K. firms. We do not observe a significant change in annualized stock volatility (annvol) for either U.S. or U.K. firms post-SOX.
For both U.S. and U.K. firms, we calculate firm size (size) as the logarithm of the yearend market value of the firm's common equity. Book-to-market equity (btm) is the book value of the firm's equity divided by its market value of common equity. We also calculate the cumulative stock return over the previous 12 months (annret). Finally, to proxy for a firm's debt ratio, we define leverage as the ratio of the book value of the firm's debts to its total assets. Table 1 shows that firms became larger in the post-SOX period in the U.S. sample, but that this trend was less pronounced for U.K. firms. Book-to-market equity declined significantly for both U.S. and U.K. firms over time. The average leverage ratio also dropped in the post-SOX period for U.S. firms, but it remained largely unchanged for U.K. firms.
GMM estimation requires use of instrumental variables. To balance validity and parsimony in the selection of instruments, we choose instrumental variables that are a priori 9 Ang et al. (2006, 2009 ) report robust evidence that stock return volatility is related to cross-sectional variation in average returns in both U.S. and international equity markets. We have experimented with including annvol as an additional determinant of the stochastic discount factor, but the results of model specification tests suggest that annvol does not belong in the set of firm-level variables that parameterize the stochastic discount factor. We use annvol, lagged by two periods, as an instrument in our GMM estimation. 
Empirical Results
This section presents estimates of our GMM estimation for the pooled sample consisting of both U.S. and U.K. firms, the U.S.-only sample, and the U.K.-only sample. It next offers results of cross-sectional analysis. It concludes by discussing estimates based on several subsamples, which further demonstrate heterogeneous effects of SOX on corporate investment.
GMM Results for the Pooled Sample
We first use GMM to estimate parameters of the discount factor function for the pooled sample of U.S. and U.K. firms. Because SOX applies to all publicly listed U.S. firms (with some exemptions for certain small firms), U.K. firms are used to provide additional variation to better identify the effects of SOX. The discount factor function is specified as:
where D U S is an indicator that takes the value of one if a firm is a U.S. firm and zero otherwise. For the pooled sample, the key coefficient of interest is l 7 , which captures how the discount rates for U.S. firms change after SOX compared to U.K. firms. Besides the 11 instrumental variables mentioned previously, we also include as additional instruments the dummy variable D U S , its interactions with β, size, btm, and annret (each lagged by two periods), and the interaction between D U S and DSOX. This results in a total of 17 instruments. Table 2 presents the results of estimating the model given by Equations (10) and (14) .
Note that of the four models, J-tests of overidentifying restrictions do not reject these restrictions except for the model in Column 4. This finding is particularly important in light of the deterministic specification of Equation (14) . If this equation were to have an error term, the covariance between this error term and the remainder of the left side of Equation (10) would be implicitly included in e it+1 , and would violate the overidentifying restrictions (see Whited and Wu (2006) for details).
The results of the most general model, where firm size, β, book-to-market, and the previous year's return are used to parameterize the stochastic discount factor, are reported in Column 1 of Table 2 . 10 The estimate of the parameter of interest, l 7 , is -0.066, significant at the 10% level. This suggests that all else equal, U.S. firms tend to have lower discount factors (higher discount rates) than U.K. firms in the post-SOX period. The estimated coefficients on annret, its interaction with the U.S. dummy D U S , and the interaction of β with D U S are not significantly different from zero.
Column 2 presents estimates from a model that eliminates annret and its interaction with D U S in parameterization of the discount factor. Whited and Wu's (2006) L-test suggests that dropping these variables should not affect the performance of the model. In this specification, l 7 is estimated to be -0.069, significant at the 5% level. In Column 3, β and its interaction with D U S are also dropped. In this case, the exclusion restrictions concerning β and its interaction with D U S are rejected. Even so, in this model the estimated coefficient on the interaction term D U S × DSOX remains negative at -0.064, which is marginally significant at the 10% level. As the model in Column 2 has the best overall performance, we treat it as the benchmark model for analysis of the pooled sample. 10 We also experimented with more general models than the ones reported in Table 2 . Those models include additional relevant firm-specific variables as determinants of the stochastic discount factor. These additional variables turn out to be statistically insignificant, and the model specification tests suggest they should be excluded from the parameterization of the stochastic discount factor. A practical problem in using so many variables is that we then need more instrumental variables, which greatly reduces the stability of estimation results.
The other results in Column 2 are instructive too. The estimated coefficient on DSOX is insignificant. The estimated coefficient on D U S is significantly negative, suggesting that U.S.
firm managers perceive a lower discount factor, or a higher discount rate, than U.K. managers over our sample period. This result, combined with the significantly negative coefficient on the interaction term D U S × DSOX, implies that U.S. firms use higher discount rates when making investment decisions than U.K. firms in the post-SOX period.
It is puzzling that the estimated coefficients on size and the interaction term size × D U S are significantly negative and positive respectively, indicating that larger firms perceive a higher discount rate than smaller firms, but this is less true for U.S. firms than for U.K. firms.
This unexpected result warrants more discussion, as it is inconsistent with conventional wisdom that smaller firms tend to have higher discount rates. We suspect the explanation is that because smaller firms are in general younger and grow faster, all else equal, they tend to use lower hurdle rates and invest more.
Discount rates in our setting are inferred from corporate investment using a structural estimation. They are investment-based expected stock returns, and they may exhibit a size effect that is different from the size effect based on stock returns. How to reconcile differences The estimated coefficient on β is significantly negative, and the interactive term β × D U S is significantly positive, indicating that riskier firms perceive higher discount rates, although this relation is weaker for U.S. firms than for U.K. firms. Finally, the coefficient estimates on btm and btm × D U S are both insignificant. The mark-up estimate, µ, is positive and significantly larger than one, which is consistent with evidence in the investment Euler equation literature (Whited, 1998) .
One notable observation is that the adjustment cost parameter estimates are significant only in certain model specifications in Table 2 . A potential explanation is that it is difficult to identify the financial parameters and the adjustment cost parameters at the same time.
Further, firms may react sluggishly to an investment, so a relatively short time period makes it difficult to obtain precise estimates of the adjustment cost parameters. In support of this explanation, we estimate an investment Euler equation without any financial variables over our sample period. In this case, the adjustment cost parameter estimates are significantly different from zero. This suggests that, in our setting, the variables that determine the stochastic discount factor are much more important for intertemporal capital allocation decisions than adjustment costs.
Finally, we formally test the hypothesis that U.S. firms and U.K. firms share the same investment policies in the post-SOX period. That is, we test that the impact on corporate investment for U.S. firms and U.K. firms is the same, and that β, size, and btm affect U.S.
and U.K. firms' stochastic discount factors in the same way. Under this null hypothesis, the coefficients on the interactions of D U S with DSOX, β, size, and btm should all be zero.
Column 4 of Table 2 reveals that this model performs quite poorly, it is strongly rejected by the J-test of overidentifying restrictions, suggesting that investment behavior of U.S. firms is distinctly different from U.K. firm behavior.
U.S. Firms vs. U.K. Firms
To further understand differences between the investment behavior of U.S. and U.K. firms, and to measure the economic effects of SOX on investment, we estimate models separately for the U.S. and U.K. samples. The results are in Table 3 . The most general model in Table 3 is specified as in Equations (10) and (11). The key parameter of interest is l 5 , the coefficient on DSOX.
Column 1 of Table 3 presents GMM results for the U.S. sample. The J-test of overidentifying restrictions fails to reject the model. The estimated coefficient on DSOX is negative at -0.104 and significant at the 10% level. This result reinforces our earlier finding that U.S. firms became more cautious about investment after the passage of SOX. Column 3 reports estimates of the same model for U.K. firms. Although the J-test still does not reject the model, the estimated coefficient on DSOX is not statistically significant, suggesting that U.K. firms' investment behavior did not change significantly after SOX.
As in Table 2 , we find that the estimated coefficient on annret is not significant in either sample. We thus drop this variable from our specification of the stochastic discount factor.
Columns 2 and 4 report results for estimation of our investment Euler equation for the U.S.
and U.K. samples. In both cases, the L-test of exclusion restrictions fails to reject the null hypothesis that annret should be excluded from the specification. We thus use the model in Columns 2 and 4 in the analysis henceforth.
In the U.S. sample, the estimated coefficient on DSOX is significantly negative at -0.132, suggesting that U.S. firms tend to use higher discount rates to evaluate future investment returns post-SOX. Estimated coefficients on size, btm, and β are all negative, suggesting that large firms, value firms, and riskier firms (firms with a higher β) all tend to use higher discount rates. Column 4 presents estimates for the U.K. sample. The SOX dummy is insignificant, confirming our finding that the SOX effects on investment are confined to U.S.
firms.
To gauge the economic extent of the effects of SOX on corporate investment, we estimate the perceived discount rates for each firm by plugging the relevant variable values into the stochastic discount factor equation, according to the specifications in Columns 2 and 4 of Table 3 . We assume that the average discount rates for both U.S. and U.K. firms are 10%
over 1998-2005. 11 This assumption allows us to estimate the value of the constant term l 0 for both U.S. and U.K. firms, which is 1.917 for the U.S and 1.677 for the U.K. Based on the estimated coefficients, we compute the investment-based discount rate for each firm-year observation.
Because the discount rates are inferred from the estimated discount factor equation and are tied to firm characteristics, there are many outliers. To better understand how SOX affects the investment behavior of average U.S. and U.K. firms, we eliminate observations with extreme discount rate values in our analysis. Specifically, in each year, we separately delete U.S. and U.K. firms with discount rates smaller than the 5th percentile or larger than the 95th percentile. For the remaining firms, we then separately calculate yearly averages for U.S. firms and U.K. firms. Figure 1 plots these yearly averages for the U.S. and U.K. In unreported analysis, we use yearly medians for U.S. and U.K. firms and find similar results.
As Figure 1 shows, the average discount rate of U.S. firms is relatively flat from 1998 
Cross-Sectional Analysis
Having established that U.S. firms responded very strongly to the passage of SOX, we examine how this response varies with firm characteristics. To answer this question, we extend the specification of Γ it by adding a set of interactive terms between DSOX t and various firm-specific variables. The new specification is
where X represents a set of firm-specific variables such as β, size, and btm. 12 The marginal effect of DSOX on Γ is thus given by
In Equation (16), the constant l 4 captures the effect of DSOX on the stochastic discount factor that is unrelated to the firm-specific variables X, and l 5 × X measures the effect of SOX on the stochastic discount factor via X.
Estimation of our investment Euler equations for U.S. firms with the extended specification of the stochastic discount factor is given in Table 4 . For ease of comparison, Column 1 of Table 4 reproduces the results in Column 2 of Table 3 . In Column 2 of Table 4 , we parameterize the stochastic discount factor by including the interaction of DSOX with size. The J-test of overidentifying restrictions fails to reject the validity of this model, although the L-test of exclusion restrictions suggests that we should not include DSOX × size as a determinant. As for the parameter estimates, the coefficient on DSOX remains significantly negative at -0.705, and the coefficient on the interactive term is significantly positive at 0.113. These results suggest that while both small firms and large firms have become more cautious about investment in the post-SOX period, the effects of SOX are more pronounced for smaller firms than for larger firms. A possible explanation is that SOX imposes a cost of compliance that is relatively high for small firms, forcing them to be more cautious about investment. As we have noted, this finding is consistent with prior findings in the literature.
In Column 3 of Table 4 , we parameterize the stochastic discount factor by including the interaction between DSOX and btm. While the J-test does not reject the model, the L-test
suggests that this interactive term should also be excluded from the discount factor. Still, the parameter estimates reveal an interesting finding. The estimated coefficient on DSOX is significantly negative at 0.747, and the estimated coefficient on btm × DSOX is positive, although not statistically significant, at 0.447. This implies that, all else equal, growth firms (firms with low btm) appear to be more cautious than value firms (firms with high btm) when making investment after SOX. This interpretation should be taken with caution, however, because the estimated coefficient on the interactive term and the L-test suggest it should not be included in the model.
In Column 4 of Table 4 , we interact DSOX with β and include it in the parametrization of the discount factor. As in the first two cases, while the J-test of overidentifying restrictions does not reject the model, the L-test suggests we should not include this interactive term.
The estimated coefficient on DSOX is positive but insignificant. The estimated coefficient on the interaction is significantly negative, which indicates that riskier firms have become more cautious in the post-SOX period.
All in all, the results in Table 4 provide some evidence that U.S. firms have adjustee their investment decisions in response to the SOX regulations. In the U.S. sample, smaller firms, growth firms, and riskier firms all tend to use higher discount rates for post-SOX investment.
Subsample Analysis
Proponents of the Sarbanes-Oxley Act argue that its regulations are necessary to strengthen monitoring mechanisms and improve corporate governance in U.S. firms. Following this argument, we would conjecture that firms with poor corporate governance should be affected the most by the regulations. That is, in terms of making investment decisions, firms that are less compliant with SOX should be more responsive to the implementation of these provisions. To test this, we use several variables to measure the quality of firms' corporate governance. The first is the corporate governance index compiled by Gompers, Ishii, and Metrick (2003) . A high G-index score indicates poor corporate governance practices at the firm level. Ceteris paribus, the provisions of the Sarbanes-Oxley Act impose more severe constraints on firms with higher G-index values. We thus expect such firms to be more responsive to the SOX regulations. However, the G-index is known to be a noisy proxy of corporate governance. To mitigate the potential effects of measurement error, we sort firms into terciles on the basis of their G-Index values in each year, and then drop the middle third. We estimate the model as in Column 2 of Table 3 for the top and bottom terciles.
Columns 1 and 2 of Table 5 present the results. In both cases, J-tests do not reject the overidentifying restrictions. The estimated coefficient on DSOX, however, differs markedly for the two groups. The estimate is significantly negative for the well-governed firms, but significantly positive for the poorly governed firms. The well-governed firms have become more cautious in making investment in the post-SOX period, and the poorly governed firms appear to have become more aggressive. Therefore, the effects documented by our previous analysis are more significant among well-governed firms.
To check the robustness of this finding, we use Bebchuk, Cohen, and Ferrell's (2009) entrenchment index as another proxy for corporate governance (the E-index). Bebchuk, Cohen, and Ferrell (2009) argue that the E-index better characterizes the corporate governance of U.S. firms than the G-index. As before, we estimate the Euler equation as in Column 2 of Table 3 for firms in the top and the bottom terciles. Columns 3 and 4 of Table 5 report the results, which are largely similar to those for the G-index. Again, the coefficient estimate on DSOX is significantly negative for the well-governed firms, but positive for poorly governed firms.
We also use an indicator for whether a firm has a credit rating as a sorting variable (see, e.g., Whited, 1992) . All other factors equal, a firm with a credit rating is subject to more scrutiny from outsiders -rating agencies in particular -and is thus expected to be better governed and more transparent than a firm without a credit rating. Also, firms without a credit rating are more financially constrained, and may not have enough resources to comply with SOX. Therefore, we split our U.S. sample into two subsamples according to whether the firm had an S&P credit rating in the previous year. We then estimate the model in Column 2 of Table 3 for each subsample. Columns 5 and 6 of Table 5 present the results.
It is interesting that the estimated coefficient on DSOX is significantly negative for the rated firms and significantly positive for the unrated firms. To the extent that rated firms are likely to be better governed than unrated firms, this suggests that better-governed firms have become more cautious about investment than less well-governed firms in the post-SOX period.
Our analysis so far identifies robust evidence that SOX has profoundly affected the investment decisions of U.S. firms. We expect that these effects should be mitigated for firms that are less subject to the SOX regulations. Firms that are "less subject" to these regulations include firms with a public float of below $75 million. Such firms have been permitted by the Securities and Exchange Commission to postpone their compliance with Section 404. To test whether this is the case, we divide the sample into two subsamples according to market value of equity. Firms with market capitalization of less than $75 million at the end of the relevant year are classified as non-accelerated filers, while firms with market capitalization greater than $75 million are classified as accelerated filers. 13 Estimates of the benchmark model for these two subsamples are reported in the last two columns of Table 5 .
Note in the very last column of Table 5 that the inferred discount rates of accelerated filers rose after the passage of SOX; the estimated coefficient on DSOX is significantly negative at -0.145, with a standard error of 0.044. SOX has a much less negative effect on non-accelerated filers' investment -the estimated coefficient is only -0.031 and not significant.
All our subsample analyses provide evidence that the SOX regulations have had differential effects on U.S. firms' investment decisions. Firms with good corporate governance or firms that are rated by rating agencies tend to apply higher discount rates and exert greater caution in making investment after the passage of SOX, whereas firms with poorer governance, firms without a credit rating, or firms that are not immediately subject to the SOX regulations (i.e., non-accelerated filers of Section 404) are less affected by SOX. The greater caution of well-governed firms and rated firms in the post-SOX period may reflect these firms' greater concerns about the risk of not following the SOX regulations and potential damage to their reputation. Preoccupation with compliance thus may discourage them from taking up new and risky investment projects. Such a finding casts doubt on the effectiveness of one-size-fits-all SOX regulations. Indeed, the reforms prescribed by SOX may not reflect best practices in corporate governance for every firm. To the extent that some firms modify an optimal governance structure in order to comply with the SOX requirements, this change would unavoidably affect their optimal investment decisions.
Conclusions
In this paper, we use an investment Euler equation framework to assess the effects of the Sarbanes-Oxley Act of 2002 on firms' corporate investment decisions. We specify our investment Euler equation in such a way that an indicator for the passage of SOX is allowed to affect the rate at which managers discount investment projects. The key insights of our Euler equation framework are that the optimal level of firm investment is reached by trading off the intertemporal costs and benefits of making investment via an appropriate stochastic discount factor, and that the stochastic discount factor is related to a utilitymaximizing manager's preference for risk taking. We apply GMM to estimate parameters of our investment Euler equation and infer the managers' implied discount rates from these estimated parameters.
We find robust evidence that the discount rates managers of U.S. firms apply rise significantly after SOX; the discount rates for U.K. firms, by comparison, remain virtually unchanged over the sample period. This evidence thus lends some support to the conjecture that SOX has had negative effects on corporate investment in the U.S., at least in its initial implementation. We also find evidence that the effects of SOX are not uniform across firms in the U.S. sample. Smaller firms, riskier firms, firms with better corporate governance, firms with a credit rating, and firms classified as accelerated filers of Section 404 all have become more cautious about their capital spending after the passage of SOX. Our work represents one of the first structural assessments of how SOX affects real activities. We provide evidence that the SOX regulations may have had some un-intended effects on U.S. firms' investment decisions. The net effect of SOX on the real economy deserves more research. percentile of the relevant variables) Further, we only include firms with at least three consecutive years of complete data. These screens leave us with an unbalanced panel between 2,479 and 3,048 firms per year for the U.S., and between 387 and 707 firms per year for the U.K. Investment, I, is defined as the capital expenditure (item 30 for U.S. firms and item 193 for U.K. firms) minus the sale of properties, plants, and equipment (item 107 for U.S. firms and item 181 for U.K. firms). The alternative investment definition, IR, is computed as the sum of I and R&D (item 46 for U.S. firms and item 52 for U.K. firms); R&D is set to zero if the data are missing. K is total assets at the beginning of the year (item 6 for U.S. firms and item 89 for U.K. firms). VC is the total variable costs incurred in a given year, including cost of goods sold (item 41 for the U.S. and item 4 for the U.K.) and selling, general, and administrative costs (item 189 for U.S. firms and item 5 for U.K. firms). Sale is total sales (item 12 for U.S. firms and item 1 for U.K. firms). β is a firm's beta computed from fitting a CAPM on a rolling basis with monthly returns over the previous five years. For U.S. firms, we measure the market return and the risk-free rate (r f ) by the CRSP value-weighted market index return and the one-month Treasury bill rate, respectively; for U.K. firms, we measure the market return and the risk-free rate by the MSCI U.K. index return and the 91-day Government Treasury bill yield, respectively. size is defined as the logarithm of a firm's market capitalization, which is the product of the number of shares outstanding at year-end and the stock price at year-end. btm is the ratio of book equity (item 60 plus item 70 for U.S. firms and item 146 for U.K. firms) to market equity. annvol is the annualized standard deviation in monthly stock returns over the previous five years. annret is defined as the past 12-month cumulative stock return. leverage is the ratio of book value of debt (the sum of items 9, 34, and 84 for U.S. firms and item 106 for U.K. firms) to total assets. All monetary variables are quoted in 1998 dollars. The numbers in brackets under each year indicate the number of firms included in the sample for that year. (2, 740) 
Table 5 GMM Estimates of Investment Euler Equations for Subsamples of U.S. Firms
We first merge our full U.S. sample with firms having the G-Index (Gompers, Ishii and Metrick, 2003 ) and E-Index (Bebchuk, Cohen and Ferrell, 2008) values available. Because data on the G-index (E-index) are available in alternate years, for each firm we extrapolate for the years with missing G-index (E-index) values by setting the value to its value in the previous year. For each year, we divide the sample into three equal-sized subgroups based on the G-Index or E-Index values in that year. We estimate our investment Euler equation on firms in the bottom and top panels respectively (sorted by the GIndex and E-Index) and report the results in the first four columns. The two subgroups consist of between 264 and 390 firms per year for 1998 -2005. We then divide the U.S. sample into two subsamples according to whether these firms have an S&P credit rating in the previous year. The first subgroup consists of between 730 and 830 firms per year for the period from 1998 to 2005. The second subgroup consists of between 2100 and 2620 firms per year for 1998 -2005. We estimate our investment Euler equation on firms in each of the two subgroups and report the results in the next two columns. We then divide the U.S. sample into two subgroups by the market value of equity. Firms with market capitalization less than $75 million at the end of the relevant year are classified as non-accelerated filers (these firms can postpone their compliance with Section 404 of SOX). Firms with market capitalization greater than $75 million are classified as accelerated filers. We estimate our investment Euler equation on firms in each subgroup and report the results in the last two columns. In the table, I/K is used as the measure of investment. 
